Rice intensification programs target poverty reduction and improved food availability in Asia. Vietnam adopted a rice intensification policy aimed at a rice surplus for export by the 1990s. The intensification policy replaced an annual wet season crop with two to three High Yielding Variety (HYV) rice crops a year. These multiple annual crops required changes in hydraulic systems in areas such as the Mekong Delta (MD) with the introduction of low and high dikes for wet season flood control and dry season irrigation. This study examines the impacts of rice intensification and hydraulic changes in the MD between the 1990s and 2000s on rural household food sources, both wild and cultivated. Across study sites representing three flood management regimes, 165 households were sampled for data on household demographics, the collection and consumption of fish, other aquatic animals, wild and cultivated vegetables and fruit, and other food sources. The results indicate that rice intensification programs and dike construction have significantly increased rice production. However, farm household catch, collection and consumption of wild foods has decreased. Household use of wild fish, other aquatic animals, and wild vegetables was reduced significantly over the period. Significant wet and dry season variation in food availability emerged. Poor households experienced most loss. Overall household food security was affected. This study suggests that rice intensification policies aimed at global food security need to balance wider population access to a food staple with the need for rice farming communities to maintain access to high quality wild foods obtained from the fields and waterways of rice farming landscapes.
Introduction
One of the United Nations (UN) Sustainable Development Goals for 2030 is to end hunger, achieve food security, with improved nutrition through sustainable agriculture (United Nations 2015). Food security is defined as Ba situation that exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life^ (FAO 2002: 4-7) ; that is, not only access to a supply of food but also safe and nutritious food for good health.
Rice is one of the most important staple foods in the AsiaPacific region; more than 90% of the world's rice is produced and consumed in this region (Papademetriou et al. 2000) . Rice intensification is a policy aimed at reducing poverty while improving the food supply for many nations in Asia, where it is a key source of income and livelihoods for smallholder farmers (Papademetriou et al. 2000) . Recognising the importance of rice production, Vietnam has placed rice as the top priority for national food security and poverty reduction (Thang 2014; Nielsen 2003; Government Office 2010) . Other Mekong region countries such as Cambodia and Myanmar are developing similar strategies to increase rice Electronic supplementary material The online version of this article (https://doi.org/10.1007/s12571-018-0848-6) contains supplementary material, which is available to authorized users. production for improving national food security (The World Bank 2014; Yu and Diao 2011) .
Intensification of rice is also seen as a way of funding further development by producing a surplus that can be sold on international markets to earn foreign currency (Papademetriou et al. 2000; Hoanh et al. 2002; Yu and Diao 2011; The World Bank 2014) . Vietnam became a leading rice exporter after the nation implemented the Doi Moi economic reforms in the 1990s (Nielsen 2003) . The rice surplus has been achieved by changing from production of an annual crop of rice (until the 1980s) to two and three crops of rice per year (since the 1990s) in the Mekong Delta (MD) (Nielsen 2003; Demont and Rutsaert 2017) .
In addition to supporting large areas of rice production, the Lower Mekong Region has high biodiversity, providing a diversity of food. Local people collect fish and other aquatic animals from rice-farming areas to supply much of their daily food requirements (Berg et al. 2017; Nurhasan et al. 2010; Hortle 2007) . This catch provides a rich source of protein, essential amino acids and other micronutrients for local rural people (Youn et al. 2014) . More generally, the capture fisheries of the Mekong River system supply essential proteins and micronutrients for the whole regional population . Abundant fish can be found in Asian paddy fields (Hortle et al. 2008) . It was estimated that a hectare of rice fields can produce 80 kg/year (ranging from 30 to 86 kg of fish/year/household) in Cambodia (Hortle et al. 2008; Guttman 1999) . In Svay Rieng province of Cambodia, inland fisheries contributed 65 to 75% of animal protein for rural households in rice farming areas (Guttman 1999) . In Vietnam's MD, prior to the rapid rice intensification period in the 1990s, rural households collected inland freshwater fish in paddy fields, rivers, ponds, ditches and canals to supply daily meals (Vo 1975; Cummings 1978) . Prior to intensification, farmers cultivated one wet season rice crop that adapted to the June to December flooding (so called 'floating rice') followed in rotation with a dry season vegetable crop (Cummings 1978; Kakonen 2008; . Each hectare of rice fields in Ca Mau province of the MD could yield from 150 to 200 kg of wild fish (Xuan and Matsui 1998) . During these times, the MD supplied 80-90% of the freshwater fish produced in the south of Vietnam (Taki 1975) .
The annual flood events bring fish and other aquatic animals and provide a range of other environmental and agricultural services for rural communities in the MD (Nguyen 2014; Nguyen and Pittock 2016; Tong 2017) . Despite floodwaters providing such benefits, flood control projects have been undertaken using high dike structures that prevent flooding at even the highest river water levels. The impacts on these benefits and services have been underestimated by decisionmakers when considering flood control and irrigation development for rice intensification (Guttman 1999; Nurhasan et al. 2010; Youn et al. 2014) . The construction of high dikes in the MD has diminished the benefits of floods, such as fish and other aquatic animals as food sources (Nguyen 2014) and sediment deposits as soil fertility renewal (Tong 2017; Nha 2006) . Rice intensification requires further modification of floodplains and water flows, and involves a high input of chemicals that diminish wild fish stocks and other aquatic animals (Berg et al. 2017; Håkan 2002) . These changes have resulted in economic losses (Tong 2017) , water pollution and negative impacts on human health (Phuong and Gopalakrishnan 2013; Chau et al. 2015; Berg et al. 2017) . The further construction of dams for hydro-power generation in the Mekong basin is estimated to eliminate wild fish catches that supply up to 2.1% of all dietary protein and 2.4% of lysine in Vietnam. Such losses would require replacement from other land and water resource intensive production systems. Lymer et al. 2016) . Consequently, through these hydraulic changes, the MD is vulnerable to fish losses and nutritional food insecurity.
Along with the loss of a range of ecosystem services with the changes in hydraulic management across the MD, the intensification of annual rice cropping and the introduction of high yielding rice varieties increases the need for a range of agronomic inputs. These also bring widespread change to the economics of farming and rural livelihoods (Berg et al. 2017; Håkan 2002) . The benefits of these changes have been queried in a range of studies comparing the benefits and costs of more traditional farming approaches and those accompanying rice intensifications. An early study (Håkan 2002 ) demonstrated that combined rice and fish culture provided farmers with the highest net income because of low costs and high yields of both rice and fish. More recent studies indicate that recovering one crop of traditional wet season, floating rice crop and a dry season vegetable crop required less agronomic inputs but created more economic and environmental benefits and nutrition for rice farmers compared to those engaged with two or three annual crops of high yield variety (HYV) rice in the MD Pittock and Nguyen 2017; Nguyen and Pittock 2016) . Another MD study indicated that maintaining the balance between a two rice crop regime and one natural flood capture system using low dikes provided more efficient economic and environmental outcomes for farmers compared to the intensive rice cropping systems using closed high dike compartments (Tong 2017) .
This paper explores some of the outcomes of rice intensification for rural households and their food security in the MD. The key propositions being tested are: 1) rice intensification occurred in the study area during the period of dike construction; 2) major changes in farming inputs accompanied this intensification; 3) significant changes occurred in rural households' local non-rice food supply during intensification of local rice production; 4) major changes (including seasonal changes) occurred in wild food supply for, and collection by, rural households as a result of rice intensification; 5) changes in household food supply and diet have occurred following rice intensification; 6) poorer households are most affected. Finally, the paper asks, BDoes the intensification of rice production affect the food security of rural households in the MD?2
Materials and methods

Site selection
The MD produces 50% of Vietnam's total rice production (General Statistics Office 2016). Within the Delta, An Giang Province, in one of the region's natural flood recession agricultural zones, has some of the most intensive rice farming.
Three communes were selected to investigate the impacts of changing rice production regimes on catch and consumption of fish from inland fisheries and other aquatic animals by smallholder farmers (Fig. 1) . Each commune represents one of the three different flood management approaches for rice farming in An Giang province as outlined above: low dikes, high dikes with sluice gates or high dikes without sluice gates.
At the first research site, located in Vinh Hoi Dong (VHD) Commune of An Phu District, we examined the impacts of flood recession agriculture using low dikes, built in 2000 (Fig.   1 ). Low, 'August' dikes are the key technological approach to prevent inundation in August when the rice has ripened, thus allowing farmers to harvest rice safely. Floodwater then overtops the dikes and floods the paddies for several months. This regime is known as the balanced rice-based farming system. It allows the growing of two crops of rice each year and the keeping of one natural flood season annually to replenish soil and water resources within the low dike system, taking full advantage of the ecosystem services provided by the flood (Tong 2017) . Before the construction of August dikes, farmers cultivated two rice crops; however, the annual floods often destroyed the summer-autumn rice crop. In 2015 (during the survey year), farmers planted two crops of rice and caught wild fish and other aquatic animals during the flood season. The commune had 779 ha of non-urban land of which 573 ha (73.5%) was allocated to agriculture, 440 ha (56%) to planting two rice crops each year, and 131 ha (17%) to growing three rice crops a year inside a small high dike compartment that was built in 2010 (An Phu Bureau of Statistics 2015). The commune was home to 3455 households (13,560 people) and the number of males and females was nearly equal (An Phu Bureau of Statistics 2015). Rice was the key crop, followed by ducks (7000 head), pigs (168 head), beef cattle (27 head), buffalo (14 head), and fish cages (65) in 2014 (An Phu Bureau of Statistics 2015).
The second research site, located in Phu Thanh (PT) Commune in Phu Tan District, has a high dike with sluice Tien and Tieng (2015) gates (Fig. 1) and was selected to examine the impacts of rice intensification using regulated flood management. Prior to 2007, with low dikes in operation only two rice crops were cultivated from November to June and wild fish harvested during the flood season from July to November. After 2007 with the operation of high dikes with sluice gates, farmers adopted the An Giang government's Bfixed flood-releasing scheme^(An Giang's People Committee 2007), which allows farmers to grow eight rice crops over 3 years before a full flood is released into the compartment between August and October of the third year (An Giang's People Committee 2007). Thus, a third rice crop (autumn-winter crop) is missed every 3 years. At the time of the study, this commune owned 2117 ha of non-urban land, of which 1929 ha (91%) was used for agriculture, including 1736 ha (82%) used for cultivating three crops of rice annually since high dikes were operated from 2007. The commune is home to 2133 households with a total of 8189 residents. Rice growing is the key income generating activity for the households in this commune, followed by pigs (1345 head), beef cattle (243 head), buffalo (15 head) and fish ponds (3.4 ha) in 2014 (Phu Tan Bureau of Statistics 2015).
The third research site, located in My An (MA) Commune in Cho Moi District, had high dikes built in 2001 to control floods, but without sluice gates (Fig. 1) . Prior to 2001, low dikes allowed for the planting of two crops of rice from November to June and wild fish harvesting during the flood season from July to November. Since the establishment of the permanent high dikes, many farmers changed from growing rice to 'upland' vegetables such as baby corn, leafy vegetables, beans, and root crops ), a system known as 'intensive cropping' (Tong 2017) . The commune has 1286 ha of land, with 954 ha (74%) used for agriculture. Of that farmland 226 ha is used for growing three crops of rice while the remaining area is used for growing upland vegetable crops. The commune is home to 3239 households with a total of 13,455 people (Cho Moi Bureau of Statistics 2015). In this commune, cattle rearing is the key industry annually with 9014 head, followed by pigs (552 head), then vegetable production (415 ha), and finally rice growing (317 ha) (Cho Moi Bureau of Statistics 2015).
Sampling and interview approaches
This research used mixed methods to collect data about rice intensification and its impacts on catch and consumption of wild fish and other aquatic resources at the smallholder farmer level (Creswell 2011; Morse 2003) . Qualitative methods were used to collect data in three selected research communes. Focus group discussions (FGDs) were used to obtain qualitative data (Stewart and Shamdasani 1990) . In each commune, three FGDs were held with participants from poor, medium and better-off households. The socio-economic classification of households was undertaken through advice from local authorities and using local research staff experience. Each FGD included eight participants comprising a mix of gender and ages. The collected information from FGDs was then used to develop the household survey questionnaires. In total, nine FGDs were held across the three research sites.
This research adopted a cluster sampling approach for selecting households for the collection of quantitative data (deVaus 2002). The process of sample selection was discussed with local authorities to draw on their local knowledge and researchers' experience. In each district, we selected one rural commune to represent each of the three flood management approaches as detailed above. In each commune, three hamlets were selected in consultation with the commune staff. The total number of interviews was distributed as evenly as possible among the hamlets. Finally, we selected a total sample size for each commune of 55 households, giving a total of 165 selected households for sampling in July 2015.
Our survey approach was based on previous studies (Nguyen and James 2013; Tran et al. 2008) . The selected households were based on two key criteria: household land ownership, set at three ranges (<1 ha, 1-2 ha and > 2 ha), and household self-evaluation of socio-economic conditions, again set with three categories (poor, medium and better-off).
Heads of households were invited for interviews. We asked both husbands and wives to be interviewed together in most cases, as is culturally appropriate. Husbands are often responsible for rice farming and wild food collection while wives are knowledgeable about household provisioning and food consumption.
The questionnaires sought demographic information on household structure and on food collection and consumption activities in the year before high dikes were built and again for the year 2015. We also sought detailed household data on the consumption of fish, aquatic animals, meat, fruit and farmed and wild vegetables for the year before high dikes construction and after dike construction and operation had been established (in July 2015).
Secondary data (demographics, land use and cropping systems) were collected from statistical yearbooks and reports from An Giang governmental departments (Statistical Office of An Giang Province 2016).
Data analysis
We used a narrative analysis approach to collate qualitative information from key informants. For the quantitative data, three tests were used to compare rice yields, food collection and consumption data. Pearson Chi-Square was used to test the relationship of two categorical variables. F-tests were used for testing mean amount of collected wild food by socioeconomic group both before and after dike construction. Pair sample T-tests were used to compare wild food collection and other aquatic animal numbers in each research site before (2000) and after (2015) dike construction. The Related Samples McNemar Test was used to compare discrete data for samples before and after dikes (see Appendix 1). Secondary data were used to understand the trends for planted areas and the production of rice, upland crops and livestock at the province, district and commune levels.
Results
Household socio-economic status
At the three research sites, self-evaluation by farmers indicated that there were 32 poor households (19%), 90 medium households (55%) and 43 better-off households (26%) in the population sampled (Table 1) . Most poor households owned less than 1 hectare of agricultural land, whereas medium and better-off households often owned more than 1 hectare. At different sites, the average age of interviewees ranged from 48 to 52 years, and the average size of each household ranged from 4.2 to 5 people.
Rice intensification
Increasing yields
The construction of high dike compartments over the last three decades has enabled the intensification of rice cropping.
Prior to 1968, farmers practiced 'flood recession agriculture' and usually cultivated one local rice crop (lua mua or winter crop) per year (Cummings 1978; Chiem 1994 ). There were three typical groups of local rice varieties (early-, medium-and late-maturing), where farmers chose suitable hydrological, social, climate and soil conditions for cultivation (Chiem 1994) . The yields of local rice was low, from 3.5 to 4 tons per ha (Xuan and Matsui 1998).
Two shorter maturing 'high yield variety' (HYV) crops were grown over the Winter-Spring and Summer-Autumn season after being introduced to the western part of the MD in 1968 (Chiem 1994; Cummings 1978) . In those areas, naturally elevated above the annual flood high-water mark, a long-term winter crop was produced, planted in May/June and harvested in December (Chiem 1994) . In lowerlying areas subject to annual flooding (in the Western part of the MD), floating rice was cultivated from May to December and rotated with dry season vegetables crops (Cummings 1978) . The yields were less than two tons per ha (Xuan and Matsui 1998).
Floating rice was quickly superseded by HYV rice, going from 0.5 million ha in 1976 to 25,000 ha in 1998 (Xuan and Matsui 1998) and 200 ha in 2015 . The short-term (HYV) Winter-Spring rice crop (lua dong xuan) was planted in November/December for harvest in February/ March (Chiem 1994) . The second annual crop in this system is a short-term (HYV) Summer-Autumn rice (lua he thu) planted in May/June and harvested in July/August just prior to the arrival of the annual August flood (Chiem 1994) . A third additional annual rice crop called the AutumnWinter crop was introduced into An Giang province once high dikes started being constructed around 1996. Previously, farmers abandoned land to flooding in this season (Nguyen and Alaxender 2014; . Small plantings of Household data also revealed that rice yields increased over the 15 years after dikes were built at the three research sites (Table 2) .
Increase in agronomic inputs
Fertiliser application increased over 30% as farmers moved from total flood recession agriculture to low or high dikebased cropping systems (Table 3) . Pesticide applications increased three-fold. Data from 2015 revealed that the costs of fertiliser and pesticide use comprised the highest proportion (57-65%) of the total agronomic costs for growing rice. Other costs not documented here include water pumping and labour hire. Such large increases in agronomic inputs, along with better water management inside the high dikes, helps explain the large increases in rice yields recorded over the period.
Wild food collection
The practice of wild food collection is not usually recorded in official government statistics because of the difficulty in collecting these data compared to rice production figures, which are easy to collect at the community level.
Before dike construction, non-commercial fishing activities were the most popular means of maintaining household food supplies in the sampled households. Most rural households have various tools and techniques available to collect wild fish, reptiles, other aquatic animals and vegetables for daily home consumption and income generation. Local people differentiate between 'white' and 'black' fish for household consumption, and market sale or purchase. White fish refer to any fish with white skin. Black fish refer to any fish with black skin and includes snakehead, perch and catfish. In the flood season, households caught mostly white fish for home consumption, making fish sauce and fermented fish, as aquaculture feedstock, or for sale. In the dry season, they usually caught black fish, which were mostly used for daily household meals.
After high dike construction there were significant decreases in the collection of wild foods. It was found that 77.6% of households in the three research sites engaged in wild fish collection before dike construction (in 2000), but this proportion dropped to 41.2% by 2015, 15 years after dike construction. Some 75.8% of rural households in this study engaged in the collection of wild vegetables before dike construction compared with 41% after dike construction: 41.2% caught crabs and snails before, while only 16.4% continued after dike construction. The two smallest categories of wild food collection activities underwent insignificant change over the study period with 6.1% of households collecting reptiles for food before dikes, and 2.4% after dikes. There were even smaller changes in the number of households collecting wild food in the 'other' category.
The related samples McNemar Test also indicated that the collection of wild fish, wild vegetables and crabs and snails was statistically significantly less since dikes were built (p < 0.000). However, again, there was no significant difference for the collection of reptiles and other wild food. It is noted that these wild foods were less affected by hydrological changes created by dike construction (Table 4) .
Wild food collection by socioeconomic groups before and after dikes
This study found that over 70% of households engaged in collecting wild food before dikes were built (Table 5) . After dikes were built, just under 45% of households in the various socioeconomic groups continued to collect wild food for sale and home consumption. However, there was no significant difference in the proportion of households engaged in wild food collection by socioeconomic group both before and after dikes were built.
There was no significant difference in the amount of wild food being collected by the different socioeconomic groups after dikes were built ( Table 6 ). Everyone was still collecting wild resources. Each group was collecting less, but with the poor collecting disproportionately impacted. There was little difference by socioeconomic groups in effort in collecting wild foods after dike construction. So, there is either less wild food to collect or it is harder to collect equivalent amounts of wild food, or a combination of both. The likelihood post dike construction of more effort or equipment needed to collect wild food would tend to favour the better off as they are likely to have greater access to required resources. For instance, they are likely to have access to larger motor driven boats, and the use of motor vehicles to travel to more distant sites for wild resource harvesting. This is indicated by the significant difference for collecting wild fish and crabs/snails among economic groups before dike construction.
Seasonal wild food collection
Households obtained more wild food during the flood season than during the dry season. Further, the construction of dikes in their region has significantly reduced the availability of wild foods in both seasons as well as household collection of these wild foods.
In the MD wild food availability varies with seasons. In particular, the availability of wild fish, aquatic animals and vegetables is substantially different between the flood/wet and dry seasons. Table 7 shows that the flood season provided more food and a greater diversity of food than in the dry season in 2015, and that high and low dike construction had a significant impact on wild food collection. (Table 7) . Each household caught an average of 95 kg of live fish during the flood season (4.2 months), but they collected on average nine kilograms in the dry season (7.8 months) (statistically significant difference at p < 0.000). Before dike construction, each household collected an average of 353 kg of fish in the flood season but only 72 kg in the dry season. A significant reduction in the wild fish collection between flood and dry season was found both before (353 kg compared to 95 kg) and after (72 kg compared to 9 kg) dike construction. In summary, both before and after low and high dike construction, households collected 90% of their wild fish catch in the flood season over a period of some 4 months. In the dry season, it took 8 months to gather 10% of the total wild fish catch. This indicates that wild fish were substantially more available and were caught in much greater numbers in the flood season than in the dry season. Further, a significant reduction in both flood and dry season catch was recorded across households after dike construction: flood season catch was reduced by 73% and dry season catch by 89%. Both high and low dikes have contributed to a significant reduction in fish collection in both dry and flood seasons.
Some 16.4% of households (20 out of 165 households) engaged in food collection of crab and snails. Before dike construction, a household collected on average 108 kg during the flood season, and 57 kg in the dry season. After dike construction, flood season collection halved to an average of 47 kg per household; and dry season collection collapsed to two kilograms on average per household. Dike construction has substantially diminished household use of crabs and snails. Some 36.3% of households (60 households) collected wild vegetables for food, but there was no statistically significant difference in the average amount collected across seasons (Table 7) . However, for the wet season, before dike construction a household collected significantly more wild vegetables: 24 kg compared to 19 kg after dike construction. While these amounts were reduced by dike construction for dry season collections (16 kg compared to 12 kg) this change was not significant. Very few households engaged in collecting other foods such as snakes and turtles.
In summary, the sampled households obtained more wild food during flood season than during the dry season. Further, the construction of dikes in their region has significantly reduced the availability of wild foods in both seasons, as well as household collection of these wild foods.
Commune level effects
The impacts of dike construction were further investigated through examining the reduction of wild fish catch by household aggregated at the Commune level across the three study sites (Table 7) . In VHD Commune (Site 1), the wild fish catch was reduced by 75% during the flood season. In Phu Tan Commune (Site 2), household catch was reduced by 62% and in My An Commune (Site 3) it was reduced by 71%. In general, after 60% of high dikes were built and operated across the province, the fish catch per household decreased 62-75% in both low-and high-dike compartments. This reduction was much greater than that indicated by provincial government data, namely a 30% reduction of fish catch between 1995 and 2015 (Statistical Office of An Giang Province 2016). The flooded areas that used to be habitat for fish during the flood season has been reduced as dikes excluded the annual inundation. Consequently, fish catches have been reduced significantly, implying that the impacts of both low and high dikes on wild food supply are significant.
Fish consumption
Total household fish consumption was significantly reduced when the farming communities moved from flood recession agriculture to water regulation using either low or high dikebased rice farming systems. In particular, mean fish consumption was reduced by 17% in the VHD Commune, 50% in PT Commune and 40% in MA Commune. Dikes contributed to a significant reduction in wild fish consumption (40-75%). Aquaculture fish partly replaced the loss of wild fish (Table 8) .
Fish play an important role in the rural household diet in the Lower Mekong Region. In Vietnam's MD most poor rural households have wild caught fish and aquatic animals for home consumption and for sale for cash income. Poor landless households often engaged in these activities as their key source of both subsistence and household income. In this study, fish consumption was reduced by 60% for poor, 19% for medium and 10% for better-off households (Fig. 2) after construction of dikes and the accompanying changes in their farming systems and rural environment. This result further supports the observation that the amount of collected wild fish was reduced over 50% after dikes were built. Poor households were most vulnerable to the reduction in both wild fish availability and fish consumption due to the introduction of dikes and the intensification of rice farming. Although the amount of collected wild food was reduced over 80% for medium households and 60% of the better-off households, they are able to replace the loss of wild foods more easily than the poor.
Replacement of wild food losses
Households were asked to report on the food that they consumed in the periods before and after dike construction. Major food groups were fish, aquatic animals, rice, roots, beef, pork, chicken, duck, goat, rats/birds, fruit, peanuts, soybean, mung bean, milk, sugar, fish sauce, tofu, eggs and processed foods. Over the reporting period, total fish consumption was substantially reduced and was replaced by other food sources. Of the 63 food types commonly used by rural households, 11 were reported as replacement food items for lost wild fish catch. Households reported a significant increase in pork consumption from 23 to 51 kg/hh/yr, and vegetables from 10 to 12 kg/hh/yr as dietary replacements. There was a minor increase in the consumption of chicken, beef, duck, peanuts, soybean and mung bean (Table 9 ). In particular, beef, chicken and duck are seen as expensive, luxury foods, which usually cannot be afforded by poor rural households (pers. Communication from in-depth interviews with poor social group, July 2015). Wealthier households are able to replace the loss of wild foods more easily than the poor with high quality market products, such as aquaculture fish, pork and eggs. Also, there was a diversity of grown cultivated food supply and an increase in volume of grown food such as aquafish, duck, chicken, pork, and beef in the current production system in 2015 (Statistical Office of An Giang Province 2016).
Discussion
Rice intensification
The agricultural systems of rural communities studied in this project underwent major changes in the last three decades following the hydraulic changes brought about by low and high dike construction. The communes subject to this research intensified their rice production. While areas of long maturing, traditional 'winter' rice crops contracted, areas of short maturing HYV increased substantially. These changes allowed farmers to plant up to three rice crops per year in some areas; Winter-Spring, Summer-Autumn, and Autumn-Winter crops. By 2015, of the 3456 ha of agricultural land available in the three communes, 2533 ha was dedicated to rice cropping. The introduction of low and high dike systems of water management allowed 7159 ha to be planted annually to rice.
Along with this near threefold increase in rice cropping area at our study sites came an increase in yield per unit area cropped. All three communes experienced significant yield increases in short maturing crops (except for the SummerAutumn My An crop) post the construction of dikes. For all three communes, yields for the Winter-Spring crop increased on average 21% (range 10-32%); and the Summer-Autumn crop averaged a 14% increase (range 7-20%).
Across the surveyed households, there was a fourfold increase in rice production following the construction of low and high dikes. Across An Giang Province, this has resulted in more than 640,000 ha of rice being planted in 2015, producing more than 4 million tons of paddy rice from about 230,000 ha of rice paddies. This growth in the output of rice available for human consumption implies a substantially increased supply of nutrients (calories, protein, and micronutrients) from rice Orr et al. 2012) .
This intensification of rice production has not been without costs. In addition to the construction of low and high dikes and their associated infrastructure , the agronomic inputs have also increased significantly (Table 3) . Fertilizer inputs increased 3.5 to 4.5 times per ha per crop between 2000 and 2015. Each year, farmers are now applying 1.4 to 1.8 tons of chemical fertilizer per hectare for three crops of HYV rice. Other farm inputs have also increased. In particular, pesticide applications increased from 2.9 to 6.3 times per crop between 2000 and 2015. Other studies in the area have recorded increases in farm inputs not recorded here, including water pumping costs for both irrigation and floodwater removal. These large increases in chemical use combined with less annual flushing of residues from rice fields are a likely cause of declining water quality (Chau et al. 2015) and related environmental and health problems (Berg et al. 2017; Håkan 2002) .
Wild food collection
The food systems of the farming communities studied here have changed significantly with the intensification of rice production and the emergence of flood free dike compartments. In the traditional flood recession farming systems, farmers collected a range of wild foods, in particular, fish and other aquatic animals in flood times and then again in rice fields during the cropping season. They then harvested rice to supply a nutritionally balanced household diet (Biggs et al. 2009; Biggs 2003; Vo 1975; . The intensification of rice production has substantially altered farming household food supply. The dikes have disrupted the relationship between floods, rice fields, aquatic animals and wild fish (Tong 2017) . Following dike construction, total household fish consumption was reduced by 17% in the low-dike area (VHD Commune), 40% in the high dike area (MA Commune) and 50% in high dike compartments (PT Commune). Poorer households' fish consumption was reduced by 60%. As the annual flood event is more controlled or excluded by the construction of closed high dike compartments, the loss of wild foods becomes even greater. Consequently, households need to replace lost wild foods with other available commodities.
Following dike construction there was an overall 25% reduction in the number of households engaging in wild food collection activities, but there was little difference between the poor and other socio-economic groups. The amount of wild food collected was reduced by more than half for the poor, 60% for the better off, and 80% for the medium status households. This demonstrates that dike construction made access to wild foods worse for all socioeconomic groups. The poor were less able to replace losses of wild food with market goods.
Given that aquaculture fish were already part of the predike food supply and the importance of fish in the regional diet, consumption of aquaculture fish increased significantly in two of the three study areas. Pork and cultivated vegetables were those items most consumed by households to replace lost nutrition from wild fish. While cattle production has been growing rapidly in rural areas, beef remains an insignificant part of rural household food supplies. However, straight substitution of one commodity for another in a household's food supply does not ensure that the nutritional content of the food remains the same. Mekong wild fish contain high levels of protein, essential amino acids such as lysine and other micronutrients, whereas farm products that replace fish, particularly pork, often contain substantially lower levels of these nutrients. This indicates that the change in food supply and the subsequent change in diet may lead to longer-term concerns about the regional nutritional status of farm households and poorer people ).
Seasonal change
The food system is dynamic between the flood and dry seasons with the flood season supplying more wild food from fish, other aquatic animals and wild vegetables than the dry season. Intensive rice farming and dike systems have disrupted these seasonal supplies. While the flood season still provides greater supplies of wild food than the dry, the amounts available to households were significantly smaller in both seasons. Before dikes, a household caught 353 kg of wild fish in the flood season and 71 kg of wild fish in the dry season (Table 5 ). However, a household caught only 95 kg of wild fish in the flood season and 8 kg of wild fish in the dry season after dikes (Table 5) . This large reduction of dry season catch has removed wild fish as a meaningful food supply for 8 months of the year. The emergence of irrigated dry-season rice crops provides no additional subsistence food supplies for rural households given their existing rice-heavy diet. Due to reductions in wild fish stocks, 36% of households gave up fishing activities as a source of income and self-subsistence. It remains to be seen whether the income that may be provided by increased rice production enables households to purchase equivalent high-quality animal or vegetable protein and micronutrient-rich foods. This study shows that for many rural households, particularly the poor, this is not the case.
Conclusions
The intensification of rice production in Vietnam's MD has substantially increased the local and national supply of rice. Given Vietnam's increasing role as an exporter of rice into the global market, it can be argued that this intensification has improved the global food supply. However, the growers are facing major changes to their own food supply as a result of this rice intensification process, which has Pair-T test is used *** < 0.001; ** < 0.01; * < 0.05; ns is not significant jeopardized the food security of smallholder farmers associated with the intensification. Prior to the introduction of low and high dike water management infrastructure, rural households relied on a range and abundance of wild foods to provide a substantial part of their diet. In particular, during the annual flood season the landscape provided an abundance of wild fish, other aquatic animals and wild vegetables to the local farming community. As common pool resources, they are of particular benefit to the poorest in these communities. Historically the use of wild foods has been substantially lower during the dry season, but they have still formed a major part of local diets providing high-quality protein, essential amino acids and micronutrients.
The introduction of low and high dikes, the creation of high dike compartments, changed water management, and the subsequent increase in chemical use has diminished the availability and the actual collection of wild foods. Dry season wild food collections have fallen to almost negligible amounts for many households. In addition, the number of households engaging in wild food collection across all seasons has fallen.
To compensate for these losses, households have replaced wild foods with cultivated or purchased food commodities. Most households increased their consumption of aquaculture fish, pork and vegetable products, but overall consumption of fish has fallen significantly. Given the significance of fish in traditional local diets and the lower nutritional quality of replacements such as pork, the nutritional status of these dietary changes indicates a risk to local and even regional food security. Adding to this risk is the additional cost, especially to poorer households, of purchasing food instead of being able to collect food from the wild. The loss of wild food resources diminished income for many households that was gained through the sale of these foods. Many poorer households reported being unable to afford to purchase fish, beef, duck or chicken. The better off are more able to replace the loss of wild foods than the poor with high quality market products, including aquaculture fish, pork, and eggs.
The intensification of rice production in the MD has increased regional and global supplies of rice. However, there are perverse impacts on the food security of the farming communities that have undertaken this intensification, with the rural poor being the worst affected. Policy makers need to manage the impacts of rice intensification and other large-scale agricultural, and major water resource developments being planned across much of the developing world in the interests of the farming communities that are being asked to undertake them.
